An update of the structure and 16S rRNA gene sequence-based definition of higher ranks of the class Actinobacteria, with the proposal of two new suborders and four new families and emended descriptions of the existing higher taxa The higher ranks of the class Actinobacteria were proposed and described in 1997. At each rank, the taxa were delineated from each other solely on the basis of 16S rRNA gene sequence phylogenetic clustering and taxon-specific 16S rRNA signature nucleotides. In the past 10 years, many novel members have been assigned to this class while, at the same time, some members have been reclassified. The new 16S rRNA gene sequence information and the changes in phylogenetic positions of some taxa influence decisions about which 16S rRNA nucleotides to define as taxon-specific. As a consequence, the phylogenetic relationships of Actinobacteria at higher levels may need to be reconstructed. Here, we present new 16S rRNA signature nucleotide patterns of taxa above the family level and indicate the affiliation of genera to families. These sets replace the signatures published in 1997. In addition, Actinopolysporineae subord. nov. and Actinopolysporaceae fam. nov. are proposed to accommodate the genus Actinopolyspora, Kineosporiineae subord. nov. and Kineosporiaceae fam. nov. are proposed to accommodate the genera Kineococcus, Kineosporia and Quadrisphaera, Beutenbergiaceae fam. nov. is proposed to accommodate the genera Beutenbergia, Georgenia and Salana and Cryptosporangiaceae fam. nov. is proposed to accommodate the genus Cryptosporangium. The families Nocardiaceae and Gordoniaceae are proposed to be combined in an emended family Nocardiaceae. Emended descriptions are also proposed for most of the other higher taxa.
INTRODUCTION
The class Actinobacteria constitutes one of the main phyla within the Bacteria (Ludwig & Klenk, 2001) on the basis of its branching position in 16S rRNA gene trees. Besides the phylogeny of the 16S rRNA gene, some conserved indels in 23S rRNA and protein (e.g. cytochrome-c oxidase I, CTP synthetase and glutamyl-tRNA synthetase) sequences support the distinctness of members of the class from all other bacteria (Gao & Gupta, 2005) . The initial hierarchical classification system of the Actinobacteria embraced 95 genera, belonging to 30 families and 10 suborders. The phylogenetic relationships of taxa higher than the rank of genus of the Actinobacteria were deduced from the clustering of genera in a neighbourjoining dendrogram. The distinction of these ranks from each other was based solely upon taxon-specific 16S rRNA signature nucleotides considered. Phenotypic characteristics, such as chemotaxonomic, morphological and physiological properties, were not taken into account in the delineation of higher ranks. Signature nucleotide patterns, often used in the forthcoming volume 4 of the second edition of Bergey's Manual of Systematic Bacteriology at the level of genera and families, are a molecular basis for positional differences within the 16S rRNA. It is not the 'truth', but an attempt to bring rational order to a group of related organisms, at least for the time being.
It was already obvious in 1997 that the composition of these signatures might change when new sequences were added to the databases. The analysis and determination of signatures were based on published 16S rRNA gene sequences of type strains. 16S rRNA gene sequences of uncultured micro-organisms were not considered, as the quality of such sequences cannot be checked. Nevertheless, the indication of the presence of novel taxa forecast an increase in the phylogenetic richness of the phylum. The availability of novel described taxa is the main reason why patterns of 16S rRNA gene sequence signatures need to be updated regularly.
To date, 219 genera (in 48 families, including some new genera, such as Catelliglobosispora, Devriesea, Fodinicola, Glaciibacter, Haloactinospora, Hamadaea, Humibacillus, Klugiella, Marihabitans, Pseudosporangium and Sciscionella, proposed in papers in press in the International Journal of Systematic and Evolutionary Microbiology at the time of writing) have been accommodated in the class Actinobacteria, phylum Actinobacteria. The subclass Sphaerobacteridae was removed from the phylum Actinobacteria with the reclassification of Sphaerobacter thermophilus as a member of the class Thermomicrobia, phylum Chloroflexi (Hugenholtz & Stackebrandt, 2004) . The description of the families Catenulisporaceae and Actinospicaceae resulted in the description of an eleventh suborder, Catenulisporinae , in the order Actinomycetales. As the number of 16S rRNA gene sequences deposited in public databases has increased tremendously, decisions about which 16S rRNA gene sequence nucleotides define taxonomic ranks were likely to be affected. Above all, this was expected to happen in those genera and higher taxa that included only a single type strain in 1997. Given that scientists actually use the set of signatures for decisions on the description of higher taxa, an update of the phylogenetic structure of the class Actinobacteria is called for. In this paper, we update the structure of higher ranks of the class Actinobacteria and provide a set of 16S rRNA signature nucleotides between the ranks of family and subclass. Some novel taxa are also proposed as a result of the phylogenetic analysis and signature patterns.
METHODS
16S rRNA gene sequence and alignment. A total of 2642 16S rRNA gene sequences of members of the phylum Actinobacteria were obtained from the Ribosomal Database Project (Cole et al., 2007) . Sequences shorter than 1300 bp and those containing ambiguous nucleotide sequences were excluded from the database. Sequences of each family were downloaded, together with an Escherichia coli 16S rRNA gene sequence (GenBank accession number J01695), in separate files. Alignments were carried out using the CLUSTAL W tool in MEGA version 4.0 (Tamura, et al., 2007) . The alignments were then corrected manually using the program BioEdit (Hall, 1999) .
Phylogenetic analyses. For reconstruction of the phylogenetic dendrograms, the type species of the type genus of each family were selected as representative. The phylogenetic dendrograms obtained represented a general overview at the higher-taxon level but do not display the branching order at the species level. As lower-taxon branching orders are susceptible to changes depending on the dataset, i.e. the number of sequences available for a given genus, the database was restricted to the type strain of the type species of the type genus of each family. All columns containing gaps in the alignment were deleted manually. The neighbour-joining (NJ), maximum-parsimony (MP) and maximum-likelihood (ML) algorithms were used in phylogenetic tree building. Phylogenetic dendrograms were reconstructed by using the DNAPARS and DNAML programs in the PHYLIP package (Felsenstein, 2005) and MEGA version 4.0 (Tamura, et al., 2007) . The distance matrix was produced on the basis of Kimura's two-parameter model (Kimura, 1980) . Bootstrap analysis (Felsenstein, 1985) was done with 1000 replicates except in ML, where only 100 replicates were generated.
Deduced amino acid sequences of the proteins AtpD, DnaA, DnaG, DnaK, GyrB, RecA and RpoB were retrieved from the genomes of the following strains for multilocus sequence analysis (MLSA) T and Escherichia coli K-12 were used as outgroups. The incongruence length difference (ILD) test (1000 randomizations of datasets; Farris et al., 1995) was performed using PAUP* version 4.0b10 (Swofford, 2002) . Hierarchical likelihood-ratio tests were conducted with a batch file supplied with MODELTEST 3.7 (Posada & Hasegawa, 1998) to provide the evolutionary models used in NJ methods.
Signature nucleotide analyses. The complete dataset used for the analyses described in this study contained information on more than 1300 unambiguous nucleotide positions present in all sequences between positions 100 and 1400 (Escherichia coli sequence; Brosius et al., 1978) . Consensus sequences were calculated by using BioEdit software (Hall, 1999) for each family and used to compare with other families in the same suborder. The threshold consensus value for inclusion of a given nucleotide in a dataset at the family level was 95 %. Variable positions (,95 %) at the level of families and suborders were treated as gaps. Only highly conservative sites were used to detect group-specific signature nucleotides. Positional nucleotide numerical summary (one function of BioEdit) can provide intuitive and tractable statistical data. This approach allows simultaneous identification of those positions that are either above or below the threshold consensus value of 95 %.
RESULTS AND DISCUSSION
The hierarchical classification system based on the phylogeny of 16S rRNA gene sequences does not change the current descriptions of species and genera, which are in most cases based upon morphological, chemotaxonomic and physiological characteristics . These taxa, which provide the working basis for taxonomists, have been revised to constitute phylogenetically coherent taxonomic units in the past several decades. However, the descriptions of taxa above the genus level have not been revisited in the past 10 years. Signature nucleotides are derivatives of the classification process . As most signatures are involved in higher order structure, their use in classification expands information from the primary structure (phylogenetic trees) to information on secondary structure idiosyncrasies. However, it is obvious that, at any rank, a significant increase in numbers of species in any of the phylogenetic lineages leads to a decrease in the number of signatures. One example is obvious in the suborder Corynebacterineae: the differences between signature patterns of the families Nocardiaceae and Gordoniaceae disappear with the introduction of the genera Millisia, Skermania and Williamsia. These three genera differed significantly from members of the family Gordoniaceae at signature sites 70 : 98, 293 : 304, 307, 661 : 744, 824 : 876, 825 : 875, 1002 : 1038 and 1124 : 1149. The phylogenetic position of the genera Millisia, Skermania and Williamsia is located between the families Nocardiaceae and Gordoniaceae ( Supplementary  Fig. S1 , available in IJSEM Online). Hence, the families Nocardiaceae and Gordoniaceae are proposed here to be combined in an emended family Nocardiaceae.
In the past, the genera Actinocorallia, Actinokineospora, Excellospora, Kineococcus and Kineosporia were excluded from the taxonomic system of Actinobacteria because they had either not been investigated by 16S rRNA gene sequence analysis or their phylogenetic affiliation remained undetermined because of uncertainties about their phylogenetic position. The relationship between the members of the family Thermomonosporaceae was clarified on the basis of 16S rRNA gene, 16S-23S rRNA internal transcribed spacer and 23S rRNA gene sequences and chemotaxonomic analyses . As a consequence, the description of the genus Actinocorallia was emended and it was assigned to the family Thermomonosporaceae. Simultaneously, the genus Excellospora lost its taxonomic status when the type species Excellospora viridilutea was transferred to the genus Actinomadura as Actinomadura viridilutea . Phylogenetic analysis of the genera Actinokineospora, Actinosynnema, Lentzea and Saccharothrix showed that they are members of the same clade, and distinct from the Pseudonocardiaceae (Labeda & Kroppenstedt, 2000) . The family Actinosynnemataceae was established to accommodate the genera Actinokineospora, Actinosynnema, Lentzea and Saccharothrix.
Subsequent studies showed that the genera Kineococcus and Kineosporia form a cluster with a high bootstrap value (98 %) and did not belong to any previously described suborder (Kudo et al., 1998) . Furthermore, the evolutionary distance between the two genera seems to be great enough to separate them at the family level. The genus Quadrisphaera was proposed by Maszenan et al. (2005) and assigned to the suborder Frankineae at that time. In fact, the genera Kineococcus, Kineosporia and Quadrisphaera form a distinct clade ( Fig. 1 ) and share neighbourhood with the suborder Micrococcineae when more sequences from each representative were used in reconstruction of the phylogenetic dendrogram. The genera Kineococcus, Kineosporia and Quadrisphaera differed from the suborder Micrococcineae at the sites 1165 : 1171 (G-A vs G-C) and 1163 : 1173 (G-U vs G-C). Therefore, Kineosporiineae subord. nov. and Kineosporiaceae fam. nov. are proposed to accommodate the genera Kineococcus, Kineosporia and Quadrisphaera. Similarly, the genus Actinopolyspora forms a deep separate branch in the order Actinomycetales. Actinopolysporineae subord. nov. and Actinopolysporaceae fam. nov. are proposed to accommodate the genus Actinopolyspora.
The genus Cryptosporangium was proposed by Tamura et al. (1998) , and its phylogenetic position was located in the suborder Frankineae. Although the branch was not supported by a high bootstrap value, the relationships with other families remained stable. Noticeably, the signature nucleotides of the genus Cryptosporangium differed distinctly from those of other families. Consequently, the genus Cryptosporangium should represent a novel family of the suborder Frankineae. Cryptosporangiaceae fam. nov. is proposed to accommodate the genus Cryptosporangium. The genera Beutenbergia (Groth et al., 1999b) , Georgenia (Altenburger et al., 2002a) and Salana (von Wintzingerode et al., 2001) were assigned to the suborder Micrococcineae as novel lineages at the genus level; Beutenbergiaceae fam. nov. is proposed to accommodate the genera Beutenbergia, Georgenia and Salana.
The phylogenetic position of the genus Thermobispora was unclear when it was proposed by Wang et al. (1996) . Even additional analysis, performed to clarify the taxonomic position of Thermobispora, did not lead to a reliable higherorder classification. Though the family-level affiliation of Thermobispora still can not be determined, the genus should be assigned to the suborder Streptosporangineae. In the following updated phylogenetic structure of the class Actinobacteria, the genus Thermobispora was excluded.
The phylogenetic relatedness of taxa above the genus level is shown in Fig. 1 . High bootstrap values are found at deep branching points of lineages such as nodes that separate orders. In contrast, low bootstrap values are found at nodes that separate some suborders and most families of the order Actinomycetales. The class Actinobacteria contains the subclasses Acidimicrobidae, Rubrobacteridae, Coriobacteridae and Actinobacteridae. In comparison with the dendrogram shown in 1997, the phylogenetic relatedness of these lineages ( Fig. 1) has been affected by the introduction of novel families described in the past decade.
The order Rubrobacterales constitutes one of the deepest branches within the phylum Actinobacteria, followed by the lineages of the orders Coriobacteriales and Acidimicrobiales. A comparative genomic study has provided convincing evidence that the Rubrobacterales is part of the phylum Actinobacteria and forms an outgroup of the other actinobacteria (Gao et al., 2006) . Within the subclass Actinobacteridae, the family Bifidobacteriaceae forms a deep-branching lineage. The placement of the bifidobacteria within the Actinobacteria and their deep branching within this phylum have also been strongly supported by comparative genomic studies (Gao et al., 2006; Ventura et al., 2007) . The phylogenetic relationships among deeply branching lineages within the phylum Actinobacteria are stable and supported by high bootstrap values in the NJ tree.
The topological structures of phylogenetic dendrograms calculated on the basis of three different algorithms were compared with each other. The families belonging to the suborder Frankineae were separated into distinct clades in the MP and ML trees (Supplementary Figs S2 and S3) . The suborders Actinomycineae, Glycomycineae and Actinopolysporineae subord. nov. formed a distinct branch and were positioned within the suborder Micrococcineae in the MP and ML trees. Similarly, the order Bifidobacteriales was positioned within the suborder Micrococcineae in the MP and ML trees. This confirms the study of Gao et al. (2006) , indicating that members of Bifidobacteriales are related to the Micrococcineae. All other families and suborders were positioned at similar branches in NJ, MP and ML trees ( Fig. 1 and Supplementary Figs S2 and S3). Phylogenetic analysis based on the 16S rRNA gene sequence as well as comparative genomic studies indicate that the suborders Streptomycineae, Frankineae, Pseudonocardineae and Corynebacterineae form late-branching groups within the Actinobacteria (Gao et al., 2006) .
The P value generated from the ILD analysis was 0.001, which indicated that the combination of data would improve the phylogenetic accuracy. Hierarchical likelihood-ratio tests were performed in the selection of the evolutionary model and in the optimization of parameters such as base frequencies, the substitution model and among-site rate variation. The TrN model (Tamura & Nei, 1993) with gamma (C) variation and a proportion of invariable sites (I) was used in the NJ analysis. The MLSA Fig. S4 ) indicates that the suborders Streptomycineae, Micromonosporineae, Frankineae, Pseudonocardineae and Corynebacterineae form late-branching groups within the Actinobacteria, as found in comparative genomic studies and 16S rRNA gene sequence phylogeny. The strains Actinomyces odontolyticus ATCC 17982, Bifidobacterium adolescentis ATCC 15703 T and Bifidobacterium longum NCC2705 form a clade within the suborder Micrococcineae (see above; viz. Janibacter sp. HTCC2649, Arthrobacter aurescens TC1, Arthrobacter sp. FB24, Renibacterium salmoninarum R, Tropheryma whipplei TW08/27, Clavibacter michiganensis subsp. michiganensis NCPPB 382 and Leifsonia xyli subsp. xyli CTCB07). Similarly, Kineococcus radiotolerans SRS30216
T and Janibacter sp. HTCC2649 form a clade within the Micrococcineae. Nevertheless, as long as the 16S rRNA gene plays the most decisive role in decisions on higher-order structures, topologies of trees from genes coding for housekeeping proteins may be used to support or contradict such arguments; eventually, when genome sequences become available for all type strains, genes other than the 16S rRNA gene may reveal their potential to reflect better the phylogeny of the Actinobacteria.
The signatures given below for higher taxa were chosen for their presence in more than 95 % (the same criterion as used by Stackebrandt et al., 1997) of the members of the respective taxon. The genus was treated as the lowest unit for the definition of signature nucleotides. An updated description of the hierarchical classification system of the class Actinobacteria is proposed as follows. Some signature nucleotides are in common with the previous patterns. About 207 signature nucleotides proposed by Stackebrandt et al. (1997) are not valid today.
Emended description of the subclass Acidimicrobidae Stackebrandt et al. 1997 The pattern of 16S rRNA signatures consists of nucleotides at positions 242 : 284 (U-G), 291 : 309 (U-A), 316 : 337 (C-G), 819 (U), 952 : 1229 (C-G) and 1115 : 1185 (U-G). The subclass contains the order Acidimicrobiales. The nomenclatural type is the order Acidimicrobiales Stackebrandt et al.
1997.
Emended description of the order Acidimicrobiales Stackebrandt et al . 1997 The 16S rRNA nucleotide signature pattern is as that of the subclass. The order contains the family Acidimicrobiaceae. The nomenclatural type is the genus Acidimicrobium Clark and Norris 1996.
Emended description of the family Acidimicrobiaceae Stackebrandt et al . 1997 The 16S rRNA nucleotide signature pattern is as that of the subclass. The family contains the type genus Acidimicrobium. Emended description of the order Rubrobacterales Rainey et al . 1997 The 16S rRNA nucleotide signature pattern is as that of the subclass. The order contains the families Rubrobacteraceae, Conexibacteraceae, Patulibacteraceae, Solirubrobacteraceae and Thermoleophilaceae. The nomenclatural type is the genus Rubrobacter Suzuki et al. 1989 (effective publication Suzuki et al., 1988) . Emended description of the family Actinomycetaceae Buchanan 1918, emend. Stackebrandt et al. 1997 Genera belonging to the family are the type genus Actinomyces, as well as the genera Actinobaculum Lawson et al . 1997 , Arcanobacterium Collins et al. 1983 (effective publication Collins et al., 1982) The family contains the type genus Actinopolyspora. The 16S rRNA nucleotide signature is as that of the suborder. Stackebrandt et al. 1997 The family contains the type genus Micrococcus, as well as the genera Acaricomes Pukall et al. 2006 , Arthrobacter Conn and Dimmick 1947 , emend. Koch et al. 1995 , Citricoccus Altenburger et al. 2002b , Kocuria Stackebrandt et al. 1995 , Nesterenkonia Stackebrandt et al. 1995 , emend. Collins et al. 2002 , emend. Li et al. 2005a , Renibacterium Sanders and Fryer 1980 , Rothia Georg and Brown 1967 and Zhihengliuella Zhang et al. 2007a . The pattern of 16S rRNA signature nucleotides is shown in Table 1 .
Emended description of the family Dermatophilaceae Austwick 1958, emend. Stackebrandt et al. 1997, emend. Stackebrandt and The family contains the type genus Dermatophilus (van Saceghem 1915) Gordon 1964, as well as the genus Kineosphaera Liu et al. 2002 . The pattern of 16S rRNA signature nucleotides is shown in Table 1 .
Description of the family Beutenbergiaceae fam. nov.
Beutenbergiaceae (Beu9ten.ber.gi.a9ce.ae. N.L. fem. n. Beutenbergia type genus of the family; -aceae ending to denote a family; N.L. fem. pl. n. Beutenbergiaceae the Beutenbergia family).
The family contains the type genus Beutenbergia Groth et al. 1999b , as well as the genera Georgenia Altenburger et al. 2002a and Salana von Wintzingerode et al. 2001 . The pattern of 16S rRNA signature nucleotides is shown in Table 1 .
Emended description of the family Bogoriellaceae The family contains the type genus Bogoriella Groth et al. 1997a . The pattern of 16S rRNA signature nucleotides is shown in Table 1 .
Emended description of the family Brevibacteriaceae Breed 1953, emend. Stackebrandt et al. 1997 The family contains the type genus Brevibacterium Breed 1953, emend. Collins et al. 1980 . The pattern of 16S rRNA signature nucleotides is shown in Table 1 . , emend. Stackebrandt et al. 1997 , emend.
Emended description of the family
Cellulomonadaceae Stackebrandt and Prauser
Stackebrandt and Schumann 2000
The family contains the type genus Cellulomonas Bergey et al. 1923 , emend. Clark 1952 , emend. Stackebrandt et al. 1982 , as well as the genera Actinotalea Yi et al. 2007 , Demequina Yi et al. 2007 , Oerskovia Prauser et al. 1970 , emend. Lechevalier 1972 , emend. Stackebrandt et al. 2002a and Tropheryma La Scola et al. 2001 . The pattern of 16S rRNA signature nucleotides is shown in Table 1 .
Emended description of the family Dermabacteraceae Stackebrandt et al . 1997 The family contains the type genus Dermabacter Jones and Collins 1989 (effective publication Jones & Collins, 1988) , as well as the genus Brachybacterium Collins et al. 1988a . The pattern of 16S rRNA signature nucleotides is shown in Table 1 .
Emended description of the family Dermacoccaceae Schumann and Stackebrandt 2000
The family contains the type genus Dermacoccus Stackebrandt et al . 1995 , as well as the genera Demetria Groth et al. 1997b and Kytococcus Stackebrandt et al. 1995 . The pattern of 16S rRNA signature nucleotides is shown in Table 1 . Table 1 . Stackebrandt et al. 1997 The family contains the type genus Jonesia Rocourt and Stackebrandt 1987 (in Rocourt et al., 1987) . The pattern of 16S rRNA signature nucleotides is shown in Table 1 .
Emended description of the family Jonesiaceae
Emended description of the family Microbacteriaceae Park et al. 1995 (effective publication Park et al., 1993 , emend. The family contains the type genus Microbacterium OrlaJensen 1919, emend. Takeuchi and Hatano 1998, as well as the genera Agreia Evtushenko et al , Agrococcus Groth et al. 1996 , Agromyces Gledhill and Casida 1969 , emend. Zgurskaya et al. 1992 , Clavibacter Davis et al. 1984 , Cryobacterium Suzuki et al. 1997 , Curtobacterium Yamada and Komagata 1972 , Frigoribacterium Kämpfer et al. 2000 , Frondihabitans Greene et al. 2009 (previous illegitimate name Frondicola Zhang et al. 2007b ), Glaciibacter Katayama et al. 2009 , Gulosibacter Manaia et al. 2004 , Klugiella Cook et al. 2008 , Labedella Lee 2007, Leifsonia Evtushenko et al. Takeuchi et al. 1996 , Microbacterium Orla-Jensen 1919 , emend. Takeuchi and Hatano 1998 , Microcella Tiago et al. 2005 , emend. Tiago et al. 2006 , Microterricola Matsumoto et al. 2008 , Mycetocola Tsukamoto et al. 2001 , Okibacterium Evtushenko et al. 2002 , Plantibacter Behrendt et al. 2002 , Phycicola Lee et al. 2008b , Pseudoclavibacter Manaia et al. 2004 , Rathayibacter Zgurskaya et al. 1993 , Rhodoglobus Sheridan et al. 2003 , Salinibacterium Han et al. 2003 , Subtercola Männistö et al. 2000 and Yonghaparkia Yoon et al. 2006 . The pattern of 16S rRNA signature nucleotides is shown in Table 1 .
2000, Leucobacter
Emended description of the family Promicromonosporaceae The family contains the type genus Promicromonospora Krasil'nikov et al. 1961 , as well as the genera Cellulosimicrobium Schumann et al. 2001 , emend Brown et al. 2006 , Isoptericola Stackebrandt et al. 2004 , Myceligenerans Cui et al. 2004 , Xylanibacterium Rivas et al. 2004 , Xylanimicrobium Stackebrandt and Schumann 2004 and Xylanimonas Rivas et al. 2003 . The pattern of 16S rRNA signature nucleotides is shown in Table 1 .
Emended description of the family Rarobacteraceae Stackebrandt and Schumann 2000
The family contains the type genus Rarobacter Yamamoto et al. 1988 . The pattern of 16S rRNA signature nucleotides is shown in Table 1 . Families: 1, Beutenbergiaceae; 2, Bogoriellaceae; 3, Brevibacteriaceae; 4, Cellulomonadaceae; 5, Dermabacteraceae; 6, Dermacoccaceae; 7, Dermatophilaceae; 8, Intrasporangiaceae; 9, Jonesiaceae; 10, Microbacteriaceae; 11, Micrococcaceae; 12, Promicromonosporaceae; 13, Rarobacteraceae; 14, Sanguibacteraceae; 15, Yaniellaceae. Residues in lower-case letters are present in some but not all strains.
Position(s) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Li et al. 2004 , emend. Li et al. 2005b ). The pattern of 16S rRNA signature nucleotides is shown in Table 1 .
Emended description of the suborder Micromonosporineae Stackebrandt et al. 1997 The pattern Emended description of the family Nocardioidaceae Nesterenko et al. 1990 (effective publication Nesterenko et al., 1985) , emend. The Emended description of the family Streptomycetaceae Waksman and Henrici 1943, emend. , emend. Kim et al. 2003 The family contains the type genus Streptomyces Waksman and Henrici 1943, emend. Witt and Stackebrandt 1990, emend. Wellington et al. 1992 , as well as the genera Kitasatospora Ō mura et al. 1983 (effective publication Ō mura et al. 1982) , emend. Zhang et al. 1997 and Streptacidiphilus Kim et al. 2003 . The 16S rRNA nucleotide signature is as that of the suborder.
Emended description of the suborder Streptosporangineae Ward- The Emended description of the family Streptosporangiaceae Goodfellow et al. 1990 , emend. Ward-Rainey et al. 1997 The pattern of 16S rRNA signatures consists of nucleotides at positions 440 : 497 (C-G), 485 (U), 501 : 544 (C-G), 502 : 543 (G-C), 833 : 853 (U-G) and 1355 : 1367 (A-U).
The family contains the type genus Streptosporangium, as well as the genera Acrocarpospora Tamura et al. 2000a , Herbidospora Kudo et al. 1993 , Microbispora Nonomura and Ohara 1957 , Microtetraspora Thiemann et al. 1968 , Nonomuraea Zhang et al. 1998 , Planobispora Thiemann and Beretta 1968 , Planomonospora Thiemann et al. 1967a , Planotetraspora Runmao et al. 1993 , emend. Tamura and Sakane 2004 and Thermopolyspora (ex Krasil'nikov and Agre 1964) Goodfellow et al. 2005 .
Emended description of the family Nocardiopsaceae Rainey et al. 1996 , emend. Rainey et al. 1997 , emend. Zhang et al. 1998 The and Spirillospora Couch 1963.
Note added on revision
Since this article was submitted for publication, an additional order of the subclass Actinobacteridae has been described, Nitriliruptorales Sorokin et al. 2009 
